The effect of soybean protein on coprostanol production and cholesterol metabolism was studied in cholesterol-fed rats.
Plasma cholesterol was decreased in the soybean protein diet group compared to the casein diet group. Although coprostanol was produced more in rats fed soybean protein than in those fed casein, no difference was observed in the levels of total neutral steroids at any part of the intestine.
The activity of microbial conversion from cholesterol to coprostanol was evidently high in rats fed soybean protein.
The total amount of neutral steroids excreted in feces had a tendency to increase. These data seem to indicate that the increase of the unabsorbed soybean protein causes the increase of intestinal coprostanol production.
Key Words cholesterol, coprostanol, soybean protein Soybean protein has been recently noticed for its hypocholesterolaemic effect (1) (2) (3) (4) (5) . We also reported that when a diet was used containing 0.5% of cholesterol, the concentrations of plasma and liver cholesterol were lower in rats fed soybean protein than in those fed casein and HDL-cholesterol levels were higher in the soybean protein group (6) . These data indicated the anti-atherosclerogenic activity of the. soybean protein.
In our experiment, the excretion of neutral steroids to feces was increased and coprostanol occupied a large part of the steroids in rats fed soybean protein than in rats fed casein which seemed to be due to the difference of intestinal microbial flora between the soybean protein and casein diet groups (7) . Although direct evidence has not been presented, it has been assumed that microbial conversion of cholesterol to less efficiently absorbable coprostanol could affect the sterol balance (8) (9) (10) (11) .
Many studies were designed about the differences of the amino acid com position (12) (13) (14) (15) . The aim of this study is to clarify the effect of soybean protein on the coprostanol production in the intestine and cholesterol metabolism , and there were no reports investigated from this point of view .
METHODS
Male Sprague-Dawley rats weighing initially 100g were controlled with a commercial diet (type MF; Oriental Yeast Co., Ltd ., Tokyo) for 1 week. At the start of the experiment, they were divided into two groups and were given experimental diets as shown in Table 1 for 35 days. Diets and water were provided ad libitum . From the 1st, 15th and 30th day, feces were collected for 3 days and dried to analyze neutral steroids. At 7:30 a. m. on the 34th day, fresh feces were collected in the sterilized vials and stored anaerobically in Gas-Pack (Becton Dickinton Overseas Inc., U. S. A) on ice. At 7:30-8:00 a. m. on the last day, blood was obtained by cardiac puncture to prepare serum and EDTA-plasma. Duodenum , jejunum, ileum, cecum and colon from each rat were cut and the intestinal contents washed out with 0.85% NaCI solution were immediately lyophilized. groups and coprostanol was absent. In the ileum, two out of seven rats fed the casein diet had little coprostanol but there was no difference in the total neutral steroid between the rats fed soybean protein and casein. In the cecum , there was a significant difference in coprostanol level between the two groups. The percentage of coprostanol occupied in the total neutral steroid was 34.2 and 8.3 in the cecum of the soybean protein and casein diet group respectively . The soybean protein diet group showed the higher level of coprostanol than the casein diet group. In the colon, the percentage of coprostanol increased to 46.3 in the soybean diet group and 9.0 in the casein group. The cholesterol intake on the last day and the ratio of intestinal neutral steroids/cholesterol intake were almost the same in both diet groups . Table 5 shows the amount of fecal neutral steroids. In rats fed the soybean diet , AND CHOLESTEROL METABOLISM 451 coprostanol was found to be at a high level even at the beginning of the experiment and continued to increase. On the other hand, in rats fed casein coprostanol was decreased on 15th day than of the 1st day and there were no changes between the 15th and 30th day. Both total excretion and the percentage of sterol excretion/cholesterol intake tended to be higher in rats fed soybean than in rats fed casein.
The activity of conversion from cholesterol to coprostanol in fresh feces was 1.6 times as high in rats fed soybean protein as in rats fed casein (Table 6 ). M. WATANUKI, and Y. NOZAKI
DISCUSSION
It has been reported that, using a cholesterol-free diet, more neutral steroids and acidic steroids were excreted in rabbits given soybean protein than in rabbits given casein (1). In the similar experiment, the hypocholesterolaemic effect of soybean protein was observed in rats, while the proportion of cholesterol to coprostanol in feces was not changed (4, 15) .
In this study, using the 0.5% cholesterol diet, soybean protein also decreased the plasma cholesterol levels (Table 3 ) and the rats given soybean protein had a tendency to excrete more neutral steroids than casein. Furthermore, the coprostanol levels in their feces were markedly high (Table 5) .
Young and Kellogg (21) reported that coprosterols were not excreted following cecectomy, and Eyssen et al. (22) have also reported the same result. It is recognized that coprosterols were formed in the cecum. Table 6 shows that fresh feces of rats fed the soybean protein diet revealed a higher activity in the conversion of cholesterol to coprostanol in comparison with those rats fed casein , suggesting that soybean protein caused an increase in the coprostanol generating bacteria in quantity and/or in activity.
It is generally accepted that a major part of cholesterol absorption occurs in the upper small intestine while the large intestine does not contribute significantly to the absorption of cholesterol in rats (23). Coprostanol is well known as an unabsorb able steroid (24). Therefore, if coprostanol could be produced from cholesterol in the upper small intestine, the conversion would play an important role to reduce the plasma cholesterol levels. No coprostanol, however, was detected in the jejunum or in the ileum with two exceptional rats ( Table 4) , indicating that such a conversion did not occur in the upper small intestine.
The soybean protein diet group shows lower body weight gain and diet efficiency in spite of a tendency of more food intake ( Table 2) . They excreted larger volume of feces than the casein diet group (Table 5) . These data suggest the lower rate of intestinal absorption of soybean protein. Decreased cholesterol absorption was also suggested because of the slight increase of the ratio of neutral steroid excretion over cholesterol intake. In this condition, the increased volume of intestinal contents should be expected. But there were no significant differences in the levels of the neutral steroids in each part and whole section of the intestine between the rats fed casein and soybean protein diet and also the ratio of intestinal sterol over cholesterol intake was the same (Table 4) .
Above results suggest the shorter retention time of soybean protein and exogenous cholesterol in the intestine of rats fed soybean protein diet. That is , unabsorbed peptides will be a desirable nitrogen source for the growth of intestinal bacteria which produce more organic acids and stimulate the motility of either small or large intestine or both of them as reported by Yokokura et al . (25) . Moreover, the unabsorbed soybean peptides which moved down to the cecum or colon could also be a rich nitrogen source for the cholesterol reducing bacteria . AND CHOLESTEROL METABOLISM 453 In conclusion, the higher levels of coprostanol in feces of rats given soybean protein was observed as a result of the low rate of intestinal cholesterol absorption. Increased production of coprostanol in intestine may not play positive role to reduce the plasma cholesterol levels directly.
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